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© Method of distinguishing among strips for different assays in an automated instrument 



© A method of distinguishing between strips for 
different' assays in an automated instrument, wherein 
characteristics to which the instrument is sensitive 
are selectively introduced in microwells of individual 
microstrips which are pretreated with a specific anti- 
gen or antibody for a particular test. On each micro- 
strip, the wells having the characteristic collectively 
define a multi-bit code which corresponds to a par- 
ticular condition or analyte to be tested for. The 
automated instrument reads the characteristic from 
the selected wells and thus determines what test is 
JJto be conducted, the marks may have optical, radio- 
-active luminescent, fluorescent, or magnetic char- 
lOacteristics, in accordance with the test to be con- 
W ducted. 
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METHOD OF DISTINGUISHING AMONG STRIPS FOR DIFFERENT ASSAYS IN AN AUTOMATED INSTRU- 
MENT 



BACKGROUND OF THE INVENTION 



The present invention relates to an improved 
method for performing automated immunoassays, 
and in particular to performance of enzyme-linked 
Immunosorbent assays (ELISA). Methods of auto- 
mating EUSA are known, as disclosed for example 
in U.S. Patent No. 4,708,929. Such automated tech- 
niques may involve detection of fluorescence, re- 
flectance, optical density, radioactivity, and other 
physical characteristics. 

In performing such assays, samples to be test- 
ed are introduced into individual microwells within a 
microstrip or microplate. One example of a micro- 
strip is shown in Fig. 1A. Each microstrip may 
optionally be placed in a holder, as shown in Fig. 
2A. A plurality of microstrips are placed in a earner, 
the carrier then being inserted into the instrument 
The instrument, which may measure one of the 
above-measured characteristics, is focused on the 
microwells in a given microstrip, and corresponding 
data derived from the read-out of the device (as a 
function of optical density, radioactivity, etc.). The 
data which is derived from the device read-out 
identifies the presence or absence of a given an- 
alyte (for example, HIV or chlamydia ). 

Conventionally, at the beginning of the test an 
operator of the device will input information (via a 
keyboard or other means) to tell the instrument 
what analyte is being tested for, so that the read- 
out may be correlated appropriately with a refer- 
ence. For example, if the test is being conducted to 
determine the presence of chlamydia in the sam- 
ples, the read-out should be correlated with a refer- 
ence value corresponding to presence of 
chlamydia in the sample. 

Because operator input is required, the degree 
of automation of the operation is less than com- 
plete. Also, since the strips are not visually or 
otherwise distinguishable once they are pretreated 
with a specific analyte, operator error is possible. It 
would be desirable to automate the process yet 
further, by providing identification of what analyte is 
to be tested for in a particular strip, without the 
need for operator interaction. 



SUMMARY OF THE INVENTION 



In view of the foregoing, it is an object of the 
present Invention to provide a method of automati- 
cally identifying, to an automated testing device, an 



analyte for which the test is to be conducted. In the 
method according to one embodiment of the Inven- 
tion, this is done conveniently by providing a coded 
identification on the microstrip itself. The identifica- 

5 tion is provided by introducing a defect, or other 
type of indication consistent with the type of test 
being conducted. For example, in the best mode 
presently known to the inventor, when optical den- 
sity is being measured in the various samples of a 

to microstrip, a series of marks (which may be gen- 
erated in any number of ways) may be provided 
selectively on the bottom of the various microwells 
of the microstrip. When the testing device then 
reads the data on the bottom of the different micro- 

15 wells, there is a multi-bit indication of what analyte 
is being tested for, one bit for each microwell. 

Another way of providing a similarly useful 
coded indication is to treat the contents of the wells 
themselves with a chemical which introduces an 

20 identifiable characteristic which the testing instru- 
ment can detect. The chemical then can be re- 
moved from the sample during one of the testing 
steps. 

It is contemplated that the method of the inven- 
ts tion is applicable to introduction of any type of 
defect (for example, radioactivity, magnetic indica- 
tions or the like) into the microwells of the micro- 
strip for detection and identification by the testing 
device. Implementation of this approach would be 
30 similar to that for the optical density situation. 



BRIEF DESCRIPTION OF THE DRAWINGS 

35 

The foregoing and other objects of the present 
invention will be described with reference to the 
accompanying drawings, in which: 

Fig, 1A shows a sample of a conventional 
40 microstrip, and Fig. 1B shows a microstrip on 
which indications have been placed in accordance 
with the method of the present invention; 

Rg. 2A shows a sample of a conventional 
microstrip holder, and Fig. 2B shows a holder on 
45 which appropriate indications are provided, again in 
accordance with the method of the present inven- 
tion; 

Rg. 3 shows a schematic representation of 
an apparatus capable of implementing the method 
so of the present invention; 

Rg. 4 shows a flow chart of a sequence of 
events prior to actual conducting of the automated 
test in accordance with the method of the inven- 
tion; 
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Figs. 5A, 5B, and 5C show graphs of absor- 
bence spectra for a given solution, for artifacts 
present in a microstrip, and for the sample and 
artifacts combined; and 

Figs. 6A-6F show optical density characteris- 
tics for marked and unmarked wells of a microstrip, 
and effects of cancellation of defects in the micro- 
strips. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 



A preferred implementation of the present in- 
vention now will be described in detail, with refer- 
ence to the accompanying drawings, Fig. 3 of 
which shows an automated measuring device 
which employs a spectrophotometer. One example 
of such an instrument is the BIO-TEK EL309 Auto- 
reader. However, the method also may be prac- 
ticed advantageously in any automated instru- 
ments. As noted above, the method of the inven- 
tion is usable in other types of automated instru- 
ments for conducting other tests in which different 
physical characteristics, such as radioactivity, flu- 
orescence, etc, are measured. 

One example of a microstrip bearing suitable 
characteristic markings is shown in Fig. 1B. Micro- 
strips vary among manufacturers, some microstrips 
having different numbers and sizes of wells, the 
wells being separated by different amounts, and 
having flat or round bottoms. There are microstrips 
with single and double rows of wells, and the 
invention is prac ticable as to these as well. For 
purposes of describing the preferred embodiment, 
an example of a single-row, eight-well microstrip 
will be used. However, it should be understood that 
the invention is not limited to such an example. 

The strips themselves are pretreated with a 
specific antigen or specific antibody (when ELISA 
is used) to determine presence or absence of a 
given analyte. Referring to the above example, the 
strips are arranged in sets of 12 within a carrier, 
thus forming an 8 by 12 matrix of wells with a total 
of 96 wells. 

At this point, it is appropriate to discuss some 
background behind the reading of microstrips using 
an optica) density technique. To implement this 
technique, . light is shined through the wells, and the 
amount of light passing through is measured. Dif- 
ferent chemical solutions exhibit different optical 
density characteristics, and different absorbence 
spectra, as a function of the wavelength of light 
used. Artifacts on the microstrips themselves, such 
as fingerprints, dents, smudges, scratches, etc., 
can affect these spectra. From experience, it has 
been determined that at some wavelengths, the 



observed spectra are a function of both the solu- 
tions and the artifacts/imperfections, while at other 
wavelengths, the observed spectra are a function 
only of the artifacts. 

5 In view of the foregoing, dual-wavelength tech- 

niques for measuring optical density have been 
implemented. For example, looking at Figs. 5A and 
5B. absorbence spectra, including optical density 
values at wavelength Xi and X 2 . are respectively 

10 shown. The optical density value at wavelength Xi 
is affected by both the solution involved and the 
artifacts present in the microstrip. In the case of 
optical density, the presence of artifacts causes a 
higher optical density reading. The optical density 

75 value at wavelength X 2 is affected only by the 
presence of artifacts. Ideally it is desired that D(Xi) 
> > D(X 2 ) for the solution, and D(Xi) = D(X 2 ) for 
the artifacts (where D connotes optical density). By 
subtracting the value for X 2 from that for Xi, a value 

20 which is a function only of the solution is derived. 
That derived optical density value then can be 
compared with reference values and presence or 
absence of a particular analyte can be made. 

The dual-wavelength approach is superior to 

25 the single-wavelength approach because if mea- 
surements are done on only a single wavelength, 
and artifacts are present, as can be seen from a 
comparison of Fig. 5A with Fig. 5C, the spectra will 
show a higher optical density than actually is 

30 present in the solution. By taking the measure- 
ments at two different wavelengths, the effects of 
artifacts can be removed. However, as will be dis- 
cussed below, the method of the present invention 
also is effective when a singfe-wavelength ap- 

35 proach is employed. 

With the foregoing in mind, the method of the 
present invention now will be described with refer- 
ence to Figs. 6A-6H. Defects which exhibit similar, 
or preferably equal spectra at both of the 

40 wavelengths at which measurements are taken are 
provided selectively on the bottom of the wells of 
each microstrip or by introducing a mark chemi- 
cally into the well, that mark being removed chemi- 
cally from the well during the protocol through 

45 which the automated instrument runs the solution. 
Presence (absence) of high optical density, values 
may signify a 1, and correspondingly absence 
(presence) of such values may signify a 0. 

Looking at Figs. 6A and 6B, when artifacts 

so (marks) are placed intentionally on selected wells 
on a microstrip before addition of a solution (or 
alternatively when a suitable chemical is introduced 
into those selected wells before addition of that 
solution), the spectra at Xi and X 2 appear as in 

55 those Figures. Ideally, rf the two spectra were sub- 
tracted from each other, there would be complete 
cancellation, as shown in Fig. 6C. However, in a 
non-ideal situation, there would be some residual, 
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as shown in Fig. 6D. It should be noted that the 
existence of residual in the dual-wavelength situ- 
ation would be not unlike the case of the single- 
wavelength situation, as will be explained below. 

When the solution is added to the wells, as- 
suming the existence of residual spectra as de- 
scribed with reference to Fig. 6D, the spectra 
change, so that at the end of the reaction or series 
of reactions which are performed during the given 
protocol, the results, for wavelength Xi, would be 
as shown in Fig. 6E. Subtracting Fig. 6D from Fig. 
6E would yield the results shown in Fig. 6F. 

Since in the example being described there are 
eight wells per microstrip, it is possible to form an 
8 bit binary representation corresponding to a par- 
ticular analyte for which the test is to be con- 
ducted. For example, the 8 bit sequence [10 10 1 
0 10] may correspond to a strip which is treated 
with samples which are to be tested for chlamydia , 
and the 8 bit sequence [0 0 0 0 1 1 1 1] may 
correspond to a strip which is treated with samples 
which are to be tested for HIV. Alternatively, the 
first and eighth bits may be used to set threshold 
levels of lightness and darkness of the mark, one 
bit always being 1 and the other always being 0. 
The remaining 6 bits then can be used to identify 
analytes being tested for. With a 6 bit representa- 
tion, each bit having one of two possible states, it 
is possible to encode 2 s = 64 different analytes; 
With an 8 bit representation, it is possible to en- 
code 2 s - 256 different analytes. 

The invention is equally applicable to different 
types of microstrips, as mentioned above. Thus, it 
would be possible, given that different microstrips 
have different numbers of wells, in a single-row or 
a double-row configuration, to have different 
lengths of binary code representations. 

The optical defect may be introduced in a 
number of ways. For examples it may be done 
through offset printing, hot stamping, or laser mark- 
ing. The mark may be placed either in the center 
of the well or off center. For markings on center, if 
the defects are placed such that they have the 
same effect for both wavelengths for which mea- 
surement Is taken, the effect on the test results can 
be cancelled out when the final computation is 
made. However, even if the marking does not have 
the same effect at both measurement wavelengths, 
the difference can be accounted for and stored In 
memory, so that during final testing, the difference 
can be removed, or subtracted from the final re- 
sults, thus greatly reducing the effect of having 
defects on the bottom of the wells. 

A similar approach can be taken when a single- 
wavelength technique is used. The results would 
look similar to those of Fig. 6D, in that there would 
be some residual. However, such a residual could 
be stored as a known value, and subtracted from 



the final results, thus reducing the effect of the 
defects as in the dual-wavelength case described 
immediately above. 

As an alternative to marking the microstrip it- 
6 self, a microstrip holder can be marked. An exam- 
ple of an unmarked holder is shown in Fig. 2A, and 
a marked holder is shown in Fig. 2B. The same 
reading technique could be applied, except that the 
reading off the microstrip holder wouid not nec- 

w essarily have an effect on the reading of the micro- 
strip itself during the actual test. 

For defects placed off center, the initial detec- 
tion and identification of the strip can be done by 
placing the strip off center, reading the code, and 

is then moving the strip on center for conducting the 
actual optical density measurements. Such a tech- 
nique would be useful for automated instruments 
which use only a single wavelength measurement 
Of course, the single wavelength measurement is 

20 inferior to the dual-wavelength measurement, as 
discussed above, but that inferiority is irrelevant to 
the utility of the present invention. The mark wouid 
be cancelled by employing methods similar to 
those used in the dual-wavelength technique, but 

25 the results would not be as exacting. 

In addition to the marking of the microstrip or 
microstrip holder, as mentioned above, a chemical 
may be introduced into the solution, to provide a 
different spectral characteristic. 

30 While the foregoing description has been pro- 

vided in the context of an example of a microstrip 
of a particular size, in which optical density was the 
measured characteristic, the technique of the in- 
vention is applicable to other characteristics which 

35 may be introduced in microstrips in similar ways. A 
number of these characteristics have been men- 
tioned above. 

A summary of the sequence of identification 
prior to testing is shown in the flow chart of Fig. 4. 

40 Basically, the sequence is as follows: 

1. Mark the microstrips in a prearranged 
pattern corresponding to a binary code, in accor- 
dance with a particular anaiyte with which that strip 
is to be Identified. 

45 2. Place the marked strips into a strip carrier 

and insert into the testing instrument. 

3. Align the strip with the instrument (this 
may be done by the instrument itself) so that the 
light path of a known quantity of light passes 

so through each well and is collected and measured. 

4. Assign a 0 or a 1 depending on whether a 
mark is detected. 

5. Correlate the detected sequence of zeroes 
and ones with known sequences to identify the 

55 particular analyte. 

6. Run the test In accordance with the iden- 
tified analyte protocol to be tested for. 

In a conventional technique, where a user 
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might input the information through a keyboard, the 
machine would receive the same sort of identifica- 
tion cor responding to the coded input by the user; 
however, with the present device, with the strip 
being pre-marked. there is a greatly lessened pos- 
sibility of error from misidentification of strips, as 
the user has no part in inputting this information to 
the tester. This is important because all strips can 
look the same, even when different analytes are to 
be tested for. 

To assist the user further, it would be possible 
to mark the bottoms of the wells with letters or 
numbers, so that the code on the bottom of the 
wells, is both machine-readable and human-reada- 
ble. 

Having identified the particular microstrip, an 
appropriate protocol then can be run. Generally, 
such a protocol would include placement of sam- 
ples in a microwell plate tray, incubation, washing, 
dispensing of reagents or antibodies into the solu- 
tion, and reading of the plate and calculation of 
results. All of the intermediate reaction, incubation, 
and dispensing steps may be repeated a number 
of times in varying sequences, depending on the 
protocol which the automated instrument would run 
once it has identified the strips. 

While the present invention has been de- 
scribed with respect to one particular embodiment 
thereof the invention is not to be considered as so 
limited. Rather, the scope of the invention is to be 
considered as limited only by the appended 
claims, which follow immediately. 



Claims 

1. A method for distinguishing among strips for 
different assays in testing by an automated instru- 
ment, said method comprising the following steps: 
selectively introducing, in a predetermined order, a 
characteristic into wells of the microstrip to which 
the automated instrument is sensitive, said auto- 
mated instrument correlating said predetermined 
order to a particular assay; and 

detecting the presence or absence of said char- 
acteristic in each of the wells. 

2. A method as claimed in claim 1, wherein 
said characteristic is optical density, reflectance, 
radioactivity, luminescence, or fluorescence. 

3. A method as claimed in claim 1, wherein 
said selectively introducing step comprises the 
step of introducing a chemical into selected ones 
of the microstrip wells to imbue those wells with 
said characteristic, or placing on the bottom of the 
wells a corresponding plurality of marks having 
said characteristic. 

4. A method as claimed in claim 3, wherein 
said selectively introducing step further comprises 



the step of placing said marks away from the 
center of the bottom of the selected wells, said 
identifying step comprising the step of positioning 
said microstrip so that the automated instrument 
5 can read the marks, and said testing step compris- 
ing the step of moving the microstrip so that the 
automated instrument can perform the test by be- 
ing positioned at the center of each well. 

5. A method as claimed in claim 3, wherein 
io said marks are provided by heat stamping, offset 

printing, or laser marking. 

6. A method as claimed in claim 3, wherein 
said selectively introducing step comprises the 
steps of providing an individual carrier for each of 

75 said microstrips, and selectively placing said marks 
on said individual carrier. 

7. A method as claimed in claim 1, wherein 
said identifying step comprises the step of reading 
a multi-bit code, such as an 8-bit code or a 6-bit 

20 code, representative of the test to be conducted. 

8. A method as claimed in claim 2, wherein 
said detecting step comprises the step of measur- 
ing each of said wells at one or two optical 
wavelengths. 

25 9. A microstrip for use in testing by an auto- 
mated instrument, said rnicrostrip comprising a plu- 
rality of wells, selected ones of said wells having 
introduced therein, in predetermined order, a char- 
acteristic to which the automated instrument is 

30 sensitive, said automated instrument correlating 
said predetermined order with a particular assay. 

10. A microstrip as claimed in claim 9, wherein 
said characteristic is optical density, said auto- 
mated instrument correlating said predetermined 

35 order by measuring said optical density at one or 
two optical wavelengths. 
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